The aquation reaction of the oxydiacetate cobalt(II) complex, namely [Co(ODA)(H 2 O) 2 ]•H 2 O (ODA = oxydiacetate), induced by the Fe(III) ions as the promoter has been studied spectrophotometrically (UV-Vis). Kinetic measurements were carried out in the 283.15 -303.15 K temperature range and at a constant ionic strength of 1.0 M (NaNO 3 ). The observed rate constants were computed by a program based on global analysis. Furthermore, the reaction activation parameters were determined using the Arrhenius and Eyring equations. The changes in the enthalpy, entropy as well as activation energy barriers were calculated in the range of 0.00125 M -0.125 M of the Fe(III) ion concentration. Based on kinetic data a mechanism for the aquation of the [Co(ODA)(H 2 O) 3 ] complex has been proposed.
Introduction
Knowledge of the mechanisms of substitution in coordination compounds is important to understand processes involving the activity of metalloenzymes, enzymes activated by metal ions or the transport of metal ions across the cell membrane [1] [2] [3] . Aquation reactions are a particular type of substitution which involves the exchange of labile ligands from a coordination sphere of the metal ion by water molecules [4] . The rate of such reactions depends on the presence of other substances in the solution. For example, it has been found that Fe(III) ions, among others, accelerate the course of the oxolato ligand substitution reaction in chromium(III) complexes [5, 6] .
This contribution initiates a series of efforts confined to the study of aquation reactions of polycarboxylate metal complexes induced by metal ions. In this paper we present kinetic data, i.e., the rate constants and the activation parameters of an aquation of the oxydiacetate cobalt(II) complex, namely [Co(ODA) 
Kinetic measurements

Instrumentation and simulations
UV-Vis measurements were carried out using a Perkin Elmer Lambda 650 spectrophotometer equipped with a Temperature Control -Peltier System with a scan accuracy of 1 nm and a 1 nm slit width, at a scanning rate of 120.00 nm min -1
. The observed rate constants were computed using the "Glint" program based on a global analysis [8] [9] [10] [11] . Based on the recorded spectra, the changes of absorbance in time were recorded in the region of the d-d low-energy bands at a wavelength λ = 550 nm, where the largest differences in the absorbance between the substrate and product were observed. Furthermore, it was verified that the other species involved in the chemical reaction did not interfere with kinetic studies, since the absorption maximum for the [Fe(H 2 O) 6 ]Cl 3 substrate occurred at a wavelength λ = 305 nm, while for the reaction product, [Fe(ODA)(H 2 O) 3 ] + , it occurred at λ = 440 nm.
Results and discussion
In order to determine the values of the observed reaction rate constants (Table 1) , a global analysis method based on the model reaction A → B was used. Very good agreement with the following first order reaction scheme was obtained: (2) Moreover, on the basis of the observed rate constants k obs, a dependence of the rate constants on the concentration of the [Fe(H 2 O) 6 ] 3+ ions has been found. The pseudo-firstorder rate constants depend linearly on the concentration of [Fe(H 2 O) 6 ] 3+ at all five temperatures studied, and the plots of k obs versus c Fe3+ have positive y-intercepts (Fig. 2) . The results shown in Fig. 2 are consistent with the following equation:
where k represents the spontaneous reaction that takes place in the absence of the promoter, K is the precursor formation constant describing a fast pre-equilibrium step between the reactants and the dinuclear heterometallic Eq. 4 consists of two parts -the first term is independent while the second term is dependent on the concentration of the [Fe(H 2 O) 6 ] 3+ ions. The factor k 1 K cannot be separated into two independent constants (k 1 and K) due to the linear dependence presented in Fig. 2 . The values of k and k 1 K for all temperatures studied are listed in Table 2 .
Based on the analysis of the kinetic relationships (Eqs. 2, 3 and 4), it can be suggested that the investigated reaction proceeds in two parallel paths (Scheme 1): , as shown in Fig. 2 . In addition, using the Arrhenius and Eyring equations [17, 18] , the reaction activation parameters were determined for the spontaneous and the Fe(III) ioninduced steps of the reaction (Table 3) . In contrast to the process in which the Fe 3+ ion acts as a promoter of the reaction, the activation energy is over two times higher for the spontaneous aquation step. The differences in both values of the activation energy and the rate constants (k and k 1 ') of these two steps are in an agreement with the empirical Arrhenius equation describing the relationship between the rate constant and the activation energy (the higher the activation energy, the lower the rate constant). The activation enthalpy (∆H # ) for the spontaneous reaction is also ca. two times higher. Thus, the absolute value of the free energy (∆G # ) of activation resulting in the formation of the transition complex tends to be higher and, consequently, the rate of aquation of [Co(ODA)(H 2 O) 3 ] in the absence of the Fe 3+ ion is slower. It is also worth noting that the change in the activation entropy in the presence of the Fe 3+ ion is negative (Table 3) . Since the slope of the plots in Fig. 2 represents k 
Conclusions
The rate of aquation of [Co(ODA)(H 2 O) 3 ] has been determined spectrophotometrically at 550 nm. The reaction was studied in the presence of the Fe 3+ ion as a promoter. It has been found that the values of the observed rate constants k obs increase proportionally with the concentration of the promoter over the entire range of temperatures studied (283.15 -303.15 K) . Based on kinetic data, it has been suggested that the reaction studied proceeds in two parallel paths. The first path is the promoter-independent (k) and is likely to proceed according to a dissociative interchange mechanism. + species. The activation energy and the activation enthalpy calculated based on the Arrhenius and Eyring equations are higher for the spontaneous, iron(III)-independent path of the reaction. These findings confirm that the aquation of the complex is driven by the presence of the promoter in the system under study. The transition state in the case of the fast step is more ordered in comparison to the state of the substrates, probably due to a more rigid structure of the activated complex. It leads to the reduction of the degrees of freedom of translation, rotation or vibration of the activated complex in comparison to the degrees of freedom of the substrates. However, the ∆H # for this path is ca. two times lower than that of the promoter-independent path of the aquation and overcompensates the negative value of ∆S # . Thus, the change in the free energy of activation (∆G # ) is lower for the iron(III)-dependent path of reaction. The aquation rate of the complex under study is mainly governed by the dissociation of the intermediate binuclear complex.
